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INTRODUCTION 

The gene ra l  o b j e c t i v e  of t h i s  research program is  t o  e v a l u a t e  t h e  

e f f e c t  of d e l i b e r a t e  and known chemical bonding between t h e  g l a s s  r e i n -  

forcement and t h e  p l a s t i c  ma t r ix  of a g l a s s - r e in fo rced  p l a s t i c  composite 

m a t e r i a l .  

Prev ious  r epor t s1  desc r ibed  s t u d i e s  of t he  methods by which si l i-  

ceous s u r f a c e s  can be modified with organic  groups t h a t  a r e  bonded t o  

surface-based s i l i c o n  atoms by s i l icon-carbon bonds. These su r face -  

modifying organic  groups can be chosen f o r  s p e c i f i c  i n t e r a c t i o n  with t h e  

r e s i n  m a t r i x  of t h e  composite m a t e r i a l .  Sur face  mod i f i ca t ion  was accom- 

p l i s h e d  i n  two s t e p s :  

(1) React ive- intermediate  groups such a s  c h l o r i n e  atoms (C1) , 
f l u o r i n e  atoms (F), o r  alkoxy1 groups (OR) w e r e  bonded t o  

surface-based s i l i c o n  atoms 

(2) React ive- intermediate  groups were converted t o  su r face -  

modifying o rgan ic  groups by r e a c t i o n  wi th  an organometa l l ic  

compound. 

The o b j e c t i v e s  of t he  present  phase of t h i s  p r o j e c t  a r e :  F i r s t ,  t o  

e v a l u a t e  the  e f f e c t s  of su r f ace  modi f ica t ion  upon a r e a l i s t i c  composite 

m a t e r i a l  (such a s  a filament-wound NOL r i n g  o r  a woven g l a s s  c l o t h  

l amina te ) ;  second, t o  s tudy  optimum c h a r a c t e r i s t i c s  f o r  surface-modifying 

groups and improved methods f o r  ob ta in ing  them; and l a s t ,  t o  s tudy  methods 

f o r  a p p l i c a t i o n  of su r face  modi f ica t ion  t o  re inforcement  m a t e r i a l s  o t h e r  

t han  g l a s s  and s i l i c a .  

T h i s  i s  t h e  t h i r d  q u a r t e r l y  repor t  f o r  t h e  c u r r e n t  phase of work. 

ID. L. Chamberlain, J r . ,  A Study of Bonding Between Glass  and P l a s t i c  i n  
Glass-Reinf orced P l a s t i c s  , Phase I ,  Summary Technica l  Report No. 1, 
Cont rac t  NASr-49(14), J u l y  31, 1964. 

2 D .  L. Chamberlain, J r . ,  A Study of Bonding Between Glass  and P l a s t i c  i n  
Glass-Reinforced P l a s t i c s ,  Phase 11, Summary TecHniCal Report  N o .  2 ,  
Cont rac t  NASr-49(14), November 15, 1965. 
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DISCUSSION 

Product ion  of T e s t  Specimens 

NOL-Rings. The Paramet r ics  NOL ring-winder has  been rece ived .  The 

spool  ho lde r s  and prony brake were missing.  This  work w i l l  be 

cont inued  upon r e c e i p t  of t he  items. 

181-Cloth Laminates. The choice of a system f o r  p repa r ing  test 

l amina te s  has  been made. T e s t  l amina tes  of 6 i n .  x 6 i n .  x 0.125 i n .  

(12 p ly )  c o n s t r u c t i o n  w i l l  be prepared from f l u o r i n a t e d  181 c l o t h ,  

l amina ted  wi th  Epon 825-Nadic Methyl  Anhydride r e s i n .  N-Benzyldimethylamine 

w i l l  be used as the  i n i t i a t o r .  

Cloth w i l l  be f l u o r i n a t e d  i n  6 i n .  wide s t r i p s  hung on a r a c k ,  i n  

a steel chamber 10 i n .  I . D .  x 15 i n .  long .  Clo th  s u f f i c i e n t  f o r  two 

12-ply l amina te s  may be f l u o r i n a t e d  a t  one t i m e .  The f l u o r i n a t i o n  

appa ra tus  is  now under cons t ruc t ion  and should be ready f o r  use  very 

soon. 

Su r face  Modif ica t ion  S t u d i e s  

F l u o r i n a t i o n  of Glass and S i l i c a .  P rev ious ly ,  t h e  v a l i d i t y  of 

f l u o r i d e  ana lyses  w a s  i n  doubt because of unknown amounts of hydrogen 

f l u o r i d e  i n  t h e  f l u o r i n e  gas.  Hydrogen f l u o r i d e  was removed by 

passage through a potassium f l u o r i d e  abso rp t ion  column. F l u o r i n a t i o n  

of Cab-0-Si1 with HF-free Fa e rased  t h e s e  doubts .  

of t h e  product showed an i n t e n s e  Si-F band a t  939 c m - l .  

confirmed by t h e  appearance of a very s t r o n g  Si-phenyl band a t  1427 c m  

upon a l k y l a t i o n  wi th  phenyl l i thium. The f l u o r i d e  conten t  of t h i s  

sample corresponded t o  5 .3  f l u o r i n e  atoms/100 k (70% coverage) .  

I n f r a r e d  s p e c t r a  

This  was 
-1 

A series of g l a s s  microscope s l i d e s  was f l u o r i n a t e d  t o  d e f i n e  

t h e  optimum procedure f o r  c a r r y i n g  out  t h e  f l u o r i n a t i o n  p rocess .  The 

r e s u l t s  confirmed previous  work and led  t o  t h e  fo l lowing  procedure 

of h e a t i n g  t h e  sample i n  a n i t r o g e n - f i l l e d  r e a c t o r  t o  2OO0C and 20 

p s i g .  The r e a c t o r  i s  bled t o  atmospheric p re s su re  and is  r e p r e s s u r i z e d  
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and 

w a s  

t h e  

may 
are 

t o  20 p s i g  wi th  F, gas .  

for two hours .  The r e a c t o r ,  s t i l l  a t  ope ra t ing  tempera ture ,  is vented 

t o  a tmospheric  p re s su re  and f l u s h e d  with dry n i t r o g e n  by a l t e r n a t e l y  

p r e s s u r i z i n g  and v e n t i n g .  The r e a c t o r  i s  then  cooled t o  room temperature 

under  a p o s i t i v e  p re s su re  of n i t rogen  g a s ,  and the sample is  removed 

Constant  temperature and p res su re  are maintained 

used without f u r t h e r  t rea tment .  

A lky la t ion  Reac t ions .  A s e r i e s  of halogenated Cab-0-Si1 samples 

a l k y l a t e d  with s e l e c t e d  organometal l ics  t o  ga in  informat ion  about  

gene ra t ion  of o rgan ic  s u r f a c e  groups w i t h  te rmina l  s u b s t i t u e n t s  t h a t  

undergo r e a c t i o n  w i t h  t h e  r e s i n  phase.  The d a t a  on these samples 

summarized i n  Table  I .  

The methyl d e r i v a t i v e  (No. 1, Table I )  w a s  inc luded  f o r  comparison. 

The a l l y l  d e r i v a t i v e  (No. 2) w i l l  n o t  be used ,  a s  such ,  i n  the  

p r e s e n t  work. However, i t  does provide a pathway f o r  p r e p a r a t i o n  of  

a d i o l  (No. 3) and a t e rmina l  a lcohol  (No. 4 ) .  E i t h e r  one of these  

p roduc t s  should be u s e f u l  for i n t e r a c t i o n  w i t h  an epoxy r e s i n .  

The te rmina l  carboxyl  group on a 5-carbon cha in  (No. 5) should 

be u s e f u l  f o r  i n t e r a c t i o n  w i t h  a po lyes t e r  r e s i n ,  bu t  i t  w i l l  no t  be 

used i n  the  p re sen t  work w i t h  epoxy r e s i n .  

The t e rmina l  hydroxyl group on a 5-carbon cha in  (No. 6)  was.)prepare'd 

from the  same in t e rmed ia t e  (pentane-1,5-dimagnesium bromide) as the  

carboxyl- terminated d e r i v a t i v e .  A i r  ox ida t ion  w a s  accomplished by 

decan ta t ion  of t h e  Grignard s o l u t i o n ,  suspension of t h e  s i l i c a  i n  dry  

t e t r ahydro fu ran ,  and bubbl ing  of oxygen through t h e  suspension.  The 

y i e l d  w a s  c e r t a i n l y  not  optimum. T h i s  d e r i v a t i v e  should be very u s e f u l  

i n  p repa r ing  epoxy lamina tes  and w i l l  be used f o r  t he  i n i t i a l  test 

lamina te  i n  t h e  p re sen t  work. 

The popula t ion  of surface-modifying groups on t h e  re inforcement  

phase ,  r equ i r ed  t o  achieve adequate bonding t o  t h e  r e s i n  phase,  i s  not  

known and must be determined by experience.  One may c a l c u l a t e ,  however, 

a t h e o r e t i c a l  b reak ing  s t r e n g t h  f o r  a given popula t ion  ( o r  concen t r a t ion )  

of s i l i con-carbon l inkages  a t  t h e  g l a s s - r e s i n  i n t e r f a c e .  Assuming a 
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popula t ion  of only one group per 100 L a ,  60 kca l  per  mole f o r  t h e  

Si-C bond, and a s e p a r a t i o n  a t  t h e  i n t e r f a c e  of 4 A r equ i r ed  f o r  

"bond breakage ,"  a c a l c u l a t e d  bond s t r e n g t h  of 150,000 p s i  is obta ined .  

This  "ca l cu la t ed  bond s t r e n g t h "  f o r  only a 15% conversion (one out  of 

7.5) of a v a i l a b l e  su r face  sites i s  very  r e s p e c t a b l e  and is cons iderably  

g r e a t e r  t han  t h e  bulk s t r e n g t h  of the p l a s t i c  phase.  

Ana ly t i ca l  S t u d i e s  

Carbon Analyses.  Carbon on inorganic  s o l i d  s u b s t r a t e s  can now be 

determined wi th  a p r e c i s i o n  of f 2 ppm of carbon.  This  e.ag be done w i t h  

t h e  Leco Analyzer ,  which c o n s i s t s  of t h e  Leco M o d e l  521 high-frequency 

induc t ion  furnace  and t h e  Leco Model 515 conductometr ic  carbon ana lyze r .  

These components were completely renovated.  Copper and aluminum tub ing  

r ep laced  rubber  and Tygon tubing  f o r  oxygen and carbon d ioxide  l i n e s .  

Nylon Swagelok f i t t i n g s  were used,  i n s t e a d  of Tygon tub ing ,  f o r  connect ion 

of metal and g l a s s  l i n e s .  Tef lon  tub ing  w a s  used t o  r e p l a c e  Tygon 

tub ing  f o r  t r a n s p o r t i n g  conduc t iv i ty  s o l u t i o n s .  The appara tus  was 

s t anda rd ized  a g a i n s t  carbon s tandards  i n  t h e  30 t o  210 ppm range.  

I n f r a r e d  S t u d i e s .  A s  repor ted  i n  t h e  l a s t  q u a r t e r l y  r e p o r t , =  the  

disappearance of s u r f a c e  OH groups,  as measured by t h e  i n f r a r e d  0-H 

s t r e t c h i n g  peak a t  3757 c m - l ,  was a u s e f u l  i n d i c a t i o n  of t h e  e x t e n t  

of  s u r f a c e  c h l o r i n a t i o n .  The replacement of s u r f a c e  OH groups by C1  

atoms r e s u l t e d  i n  t h e  displacement of t h e  1080 cm-' S i -0  s t r e t c h i n g  

band i n  Cab-0-Si1 s i l i ca .  This  method of observ ing  t h e  e f f e c t  of su r f ace  

mod i f i ca t ions  upon t h e  la t t ice  bonds of an  ino rgan ic  s u b s t r a t e  was 

developed i n  a r e l a t e d  project4 f o r  t h e  s tudy of adhesion mechanisms. 

The s i g n i f i c a n c e  of la t t ice  s h i f t s  due t o  abso rp t ion  and chemical r e a c t i o n s  

i s  n o t  f u l l y  understood,  bu t  i t  appears  t o  have a b a s i c  r e l a t i o n  t o  

i n t e r f a c i a l  r e a c t i o n s .  Therefore ,  some e f f o r t  w a s  devoted t o  examinat ion 

of s u r f  ace-modified s i l i c a .  

3 D .  L .  Chamberlain, J r . ,  Study of Bonding Between Glass and P l a s t i c  i n  
Glass-Reinforced P l a s t i c s ,  Quarter ly  Progress  Report No. 8 ,  D e c .  28 ,  1966 
Con t rac t  N o .  NASr-49(14). 

4D. L .  Chamberlain, J r . ,  M .  Be r to lucc i ,  and M. V .  Chr i s t ensen ,  Mechanism 
of Adhesion t o  Teeth ,  Progress  Report f o r  t h e  Seventh Quarter of Work, 
Cont rac t  No. A2(230)PH43-65-82, January 25 ,  1967. 
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This  work w i l l  be r epor t ed  i n  more d e t a i l  i n  t h e  next r e p o r t .  

D i  1 a t  ome t r y  

Dilatometry experiments  were cont inued with a series of samples 

chosen t o  e v a l u a t e  the  e f f e c t  of chemical bonding between a n  amine- 

modif ied s i l ica  and a polyurethane r e s i n .  Two low-iron s i l i ca  samples 

were a l k y l a t e d  wi th  ethyleneimine:  a p repa ra t ion  i n  which no  c a t a l y s t  

w a s  used gave a s i l ica  w i t h  18.9 ppm of carbon,  which corresponds t o  

about  2.2 ethyleneimine groups/100 La ; a p repa ra t ion  i n  which boron 

t r i f l u o r i d e - e t h e r a t e  w a s  used as a c a t a l y s t  gave a s i l i ca  c o n t a i n i n g  

407 ppm of carbon. The carbon on t h i s  las t  sample could  not  be removed’ 

apprec i ab ly  by water, chloroform, o r  methanol. Therefore ,  t h i s  product 

appears  t o  c o n t a i n  homopolymer bound t o  t h e  s i l i ca ,  s i n c e  pure low- 

molecular  weight poly(ethy1eneimine) i s  s o l u b l e  i n  methanol and water. 

The Si-O-C%-C%-% group on s i l i c a ,  r e s u l t i n g  from a l k y l a t i o n  

of s i l i c a  e thylene imine ,  w i l l  p e r m i t  ready inco rpora t ion  i n t o  a 

polyurethane r e s i n  and w i l l  provide a chemical l i n k  t o  t h e  s i l i c a  

s u b s t r a t e .  S ince  t h e  phys ica l  tests w i l l  be c a r r i e d  out  i n  a d ry  

environment,  no t r o u b l e  i s  expected from t h e  h y d r o l y t i c a l l y  l a b i l e  

Si-0-C l inkage .  A comparison of t hese  samples with c o n t r o l  samples 

should provide an eva lua t ion  of t h e  e f f e c t  of s u r f a c e  mod i f i ca t ion  

upon i n t e r f a c i a l  bond s t r e n g t h .  

The d i l a t o m e t r i c  measurement was unsuccessfu l  due t o  f a i l u r e  of 

t h e  load  ce l l  and f a i l u r e  of t h e  adhesive j o i n t  between t h e  end t a b s  

and t h e  sample. Another a t tempt  t o  e v a l u a t e  ethyleneimine-modif i e d  s i l i c a  

o r  g l a s s  is  planned. 

Future  e f f o r t s  w i l l  emphasize f i n a l  laminate  p repa ra t ion  and 

e v a l u a t i o n .  
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